Background-Diabetes mellitus has been recognized as a strong predictor of heart failure (HF) in patients with acute myocardial infarction (AMI). However, considerable controversy exists regarding the pathogenetic mechanisms of HF after AMI in diabetic patients. We hypothesized that the increased incidence of HF in diabetic patients was associated with a greater propensity for left ventricular (LV) remodeling. Methods and Results-A series of 325 patients (42 diabetics) with AMI successfully treated with primary angioplasty underwent serial 2D echocardiography from admission to 1 and 6 months and 6-month angiography. No significant difference was found between diabetics and nondiabetics regarding baseline clinical, angiographic, and echocardiographic characteristics, as well as 6-month restenosis and reocclusion rates. At 6 months, a similar incidence of LV remodeling was observed in diabetics and nondiabetics (33% versus 25%; Pϭ0.234), with similar patterns of changes in LV volumes and LV global and regional systolic function. At 5 years, the incidence of HF was higher in the diabetics (43% versus 20%, Pϭ0.001). Diabetes was found to be an independent predictor of HF at 5 years (hazard ratio, 1.8; Pϭ0.0366). However, LV remodeling was predictive of HF in the nondiabetics (Pϭ0.023) but not in the diabetics (Pϭ0.123). In a subgroup of patients, higher LV chamber stiffness (as assessed by echocardiography) was detected in the diabetics with HF. Conclusions-The more frequent progression to HF in the diabetics after AMI is not explained by a greater propensity for LV remodeling. Other factors, such as diastolic dysfunction, may play a role.
I n patients with acute myocardial infarction (AMI), diabetes mellitus has been recognized as a strong predictor of heart failure (HF) and other adverse events, including death and recurrent infarction. [1] [2] [3] The progression to HF after AMI is related primarily to left ventricular (LV) remodeling, 4 which is a heterogeneous process influenced by multiple factors, including microvascular dysfunction, 5 infarct size, 6 anterior infarct location, 7 transmural extent of necrosis, 8 perfusional status of infarct-related artery (IRA), 9 HF on admission, 10 and restrictive pattern of LV filling. 11, 12 However, conflicting results are available concerning the effects of diabetes on post-AMI LV remodeling. 13, 14 Furthermore, considerable controversy exists regarding the pathogenetic mechanisms of HF in diabetic patients after AMI. The relationship between LV remodeling and HF in the diabetics has been investigated in 1 single study performed before the widespread use of mechanical recanalization, in which patients were treated with different reperfusion strategies at different times. 15 The aim of this study was to verify whether the progression to HF in the diabetics after AMI was associated with a greater propensity for LV remodeling. To test this hypothesis, we performed a prospective study in patients with AMI treated with primary percutaneous coronary intervention (PCI). To avoid the confounding impact of suboptimal flow and residual stenosis in the IRA on subsequent changes in LV volumes, only patients in whom anterograde flow was fully restored without significant residual stenosis were included.
Methods

Patients and Study Protocol
The study population consisted of 400 consecutive patients referred to our catheterization laboratory for primary PCI who met the following criteria: (1) confirmed AMI, and (2) successful primary PCI (defined as Thrombolysis In Myocardial Infarction Trial [TIMI] grade 3 flow and residual stenosis in the IRA Ͻ30%) within 6 hours of the onset of symptoms or between 6 and 24 hours if there was evidence of continuing ischemia. Exclusion criteria were (1) IRA diameter stenosis Ͻ70% with TIMI grade 3 flow at baseline angiography or inability to identify the IRA, (2) clinical signs of congestive HF or cardiogenic shock in the first week after infarction, (3) postinfarction angina, and (4) significant other cardiac disease or life-limiting noncardiac disease. Of the 400 patients initially selected for the study, 13 (3.2%) were excluded for death within the first 6 months, 30 (7.5%) for inadequate echocardiographic image quality, and 31 (7.7%) for not having been adherent to the echocardiographic follow-up protocol. One patient underwent heart transplantation. Thus, 325 patients (42 diabetics) represent the final study group. The hospital's Ethics Committee approved the research protocol, and informed consent was obtained from each patient. All patients underwent complete echocardiographic examination within 24 hours of admission and at 1 and 6 months after the index infarction, and 6-month coronary angiography. After hospital discharge, patients were referred to their private physicians, who regulated therapy. No attempt was made to standardize therapy. All patients were asked to return to our outpatient clinic at 1 and 6 months after discharge and annually thereafter. For those patients who did not return at the designated times, information was collected by telephone interview.
Data Analysis
Complete M-mode and 2D echocardiographic examinations were performed using commercially available imaging systems (Aloka model SSD-830; HP SONOS model 5500; 2.5 and 3.5-MHz transducers). 2D echocardiographic images were transferred to the hard disk of a Tomtec P90 analysis system and digitized. LV volumes and LV ejection fractions (LV EF) were then calculated by the modified Simpson's rule algorithm. 16 The mean values of 3 measurements of the technically best cardiac cycles were taken from each examination. Intraobserver and interobserver variability values in the evaluation of end-systolic and end-diastolic volumes (ESV and EDV) have been reported to be Ͻ5% in our laboratory, indicating the good reproducibility of the measurements. 8 To evaluate regional systolic function, the left ventricle was divided according to a 16-segment model. 16 For each segment, wall motion was scored from 1 (normal) to 4 (dyskinetic). Anterior and inferior infarct zones were constructed, and an infarct zone wall motion score index (IZ WMSI) was derived for baseline and follow-up 2D echocardiograms. In a subset of patients, the E and A waves and the E-wave deceleration time (DT) were measured from the mitral inflow Doppler echocardiograms to evaluate diastolic function. 11, 12 Moreover, the ratio of the transmitral E-wave velocity to E a (E/E a ), as recorded with Doppler tissue imaging at the lateral corner of the mitral annulus, 11 and the ratio of the transmitral E-wave velocity to the color M-mode propagation velocity (E/V p ) during early LV filling were measured. 17
Definitions and Outcome Measures
The study population was divided into 2 groups according to the presence or absence of diabetes mellitus. Patients were classified as having diabetes if it was documented on medical reports or if patients were taking oral hypoglycemic agents or insulin at the time of admission to the study. Restenosis was defined as a Ն50% diameter stenosis of the culprit lesion at follow-up angiograms. On the basis of repeated measurements in individual patients and on the upper 95% confidence limit of the intraobserver variability in our laboratory, an increase in end-diastolic volume index Ͼ20% was considered LV remodeling. 18 LV restrictive filling pattern was recognized in the presence of DT Յ130 ms. 11, 12 The diagnosis of HF was based on either hospitalization for HF or presence of at least 2 of the following criteria at follow-up visit: dyspnea, bibasilar pulmonary rales, third heart sound, or radiographic evidence of pulmonary congestion. 19 For patients who died, the last evaluation of HF at follow-up was considered for analysis.
Statistical Analysis
Continuous data are expressed as meanϮSD. Baseline data were compared by means of the 2 test for categorical variables and unpaired t test for continuous variables. ANOVA with the Tukey post hoc test was used to analyze repeated measures of LV EF, IZ WMSI, and LV volumes. Univariate and multivariate regression analyses were performed to identify variables that were independently correlated with LV remodeling at 6 months. Clinical, angiographic, and echocardiographic variables that were significant in univariate analysis, as well as those known to affect LV remodeling, in addition to diabetes, were entered into the multivariate models. The multivariate Cox proportional-hazards regression model was used to identify independent predictors of HF at 5 years. In addition to diabetes and 6-month LV dilation, clinical, angiographic, and echocardiographic variables that were significant in univariate analyses were included in the Cox model. An interaction term combining diabetes and LV dilation was used to determine whether diabetes altered the relationship between LV remodeling and HF. A value of PϽ0.05 was considered statistically significant. Statistical analysis was performed with Statistica 4.5 for Windows and SPSS 8.0 for Windows.
Results
Clinical Characteristics and Medical Treatment
Diabetes mellitus was present in 42 (13%) of the 325 patients. Of these, 32 (77%) were treated with oral hypoglycemic agents and 10 (23%) with insulin. Similar baseline characteristics were observed in patients with and without diabetes (Table 1) . Interestingly, the time from symptom onset to balloon and the enzymatic infarct size, measured as peak creatine kinase, were similar between the 2 groups. Diabetics showed a greater incidence of anterior location of AMI, although the difference was not significant.
ACE inhibitors were frequently prescribed in both diabetics and nondiabetics at discharge (74% versus 70%, Pϭ0.610), and their use remained high at 6 months (67% versus 63%, Pϭ0.678) and at 5 years (54% versus 53%, Pϭ0.756). ␤-Blockers were less frequently used in both diabetics and nondiabetics, without significant differences at discharge (14% versus 15%, Pϭ0.925), at 6 months (10% versus 14%, Pϭ0.509), and at 5 years (13% versus 13%, Pϭ0.965).
Angiographic Results
Diabetic patients had more frequently, but not significantly so, multivessel disease. Similar rates of Rentrop grade 2 to 3 collateral flow and chronic occlusion were found in the 2 groups of patients. There was no significant difference in the use of stents between diabetics and nondiabetics. Coronary angiography was repeated in 311 of the 317 eligible patients 6 months after the index infarction. Overall, restenosis/ reocclusion rates were not significantly different between diabetics and nondiabetics (37% versus 27%, Pϭ0.182). Reocclusion was more frequent in diabetic patients, although the difference was not significant (10% versus 5%, Pϭ0.222).
Changes in LV Regional and Global Function and Volumes
At baseline, LV EF was lower, albeit not significantly so, in diabetics than in nondiabetics, whereas a similar IZ WMSI was found in the 2 groups (LV EF, 40.4Ϯ9.5% versus 43.1Ϯ9.8%, Pϭ0.11; IZ WMSI, 2.32Ϯ0.43 versus 2.28Ϯ0.47, Pϭ0.94, respectively). According to ANOVA, throughout the study period, a significant progressive improvement in LV EF was observed in both groups of patients (Figure, A) . Comparison between groups by ANOVA revealed a similar improvement in LV EF at 1 and 6 months (Figure, A) . Similarly, the IZ WMSI showed a similar improvement in both groups of patients (Figure, B) .
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Diabetes, Remodeling, and Heart Failure After PCI LV ESV and EDV were higher, albeit not significantly so, in the diabetics than in the nondiabetics at baseline (LV ESV, 77.1Ϯ23.7 versus 70.6Ϯ27 mL, Pϭ0.20; LV EDV, 128.1Ϯ28 versus 123.5Ϯ35 mL, Pϭ0.82, respectively). LV ESV decreased progressively from baseline to 6 months in both groups, without any difference between the 2 groups at each time point (Figure, C) . LV EDV increased progressively in both groups, and at 6 months, in the nondiabetics, it was significantly higher than the baseline value. No significant difference was found between the 2 groups at each time point (Figure, D) . From baseline to 6 months, LV diastolic enlargement was quantitatively similar in the diabetics (4.1Ϯ35 mL) and in the nondiabetics (5.8Ϯ37.8 mL) (Pϭ0.783), and no significant difference was found in the incidence of LV remodeling (33% versus 25%; Pϭ0.234, respectively).
Relation Between Diabetes and LV Remodeling
To evaluate the independent contribution of diabetes to LV dilation, stepwise multiple regression analysis was per- formed. Variables used for analysis were age, diabetes, hypertension, hypercholesterolemia, infarct location, peak creatine kinase value, extent of coronary artery disease, presence of significant collateral circulation, chronic occlusion, symptom-to-balloon time and door-to-balloon time, mitral regurgitation, baseline IZ WMSI, LV EF, and LV volumes. For multiple regression analysis, factors showing a probability value of PϽ0.1 in univariate analysis were selected. Significant predictors of 6-month LV remodeling were peak creatine kinase (PϽ0.000001), LV EDV (PϽ0.000001), IZ WMSI (Pϭ0.00078), and time to reperfusion (Pϭ0.028), whereas diabetes was not a significant predictor ( Table 2 ).
Long-Term Clinical Outcome and Relation Between Diabetes and HF
Follow-up data were collected for all but 4 patients. The mean length of follow-up was 56Ϯ17 months (range, 6 to 81 months). During follow-up, 36 patients (11%) died (4 diabetics; Pϭ0.614 versus nondiabetics), 17 (5%) had nonfatal reinfarctions (3 diabetics, Pϭ0.576 versus nondiabetics), and 54 (17%) underwent additional revascularization procedures (8 diabetics, Pϭ0.218 versus nondiabetics). At 6 months, the incidence of HF was 24% (nϭ10) in the diabetics and 11% (nϭ30) in the nondiabetics (Pϭ0.015). At 5 years, the rate of HF increased to 43% (nϭ18) in the diabetics and to 20% (nϭ57) in the nondiabetics (Pϭ0.001). Among the 75 patients with HF, 14 were hospitalized for overt HF (3 diabetics, Pϭ0.321 versus nondiabetics).
At multivariate Cox analysis, significant predictors of 5-year HF were age (PϽ0.0001), peak creatine kinase (Pϭ0.0004), 6-month LV remodeling (Pϭ0.0021), and diabetes (Pϭ0.0366) ( Table 3 ).
In Cox proportional-hazards analysis, 6-month LV remodeling was predictive of late HF in the nondiabetics (HR, 1.0083; 95% CI, 1.0011 to 1.0156; Pϭ0.023) but not in the diabetics (HR, 1.0135; 95% CI, 0.996 to 1.03; Pϭ0.123), even after adjustment for age, enzymatic infarct size, time to reperfusion, and multivessel disease. The development of HF was modified by the presence of diabetes, with a significant interaction between diabetes and LV dilation in the development of late HF (HR, 2.47; 95% CI, 1.16 to 5.27; Pϭ0.018).
LV Diastolic Function
LV diastolic function was evaluated in 146 patients (21 diabetics) . At baseline, we found similar E/A ratio in the diabetics and in the nondiabetics (0.93Ϯ0.46 versus 1.12Ϯ0.47, Pϭ0.087), similar DT (169.2Ϯ40.3 versus 160.4Ϯ43.8 ms, Pϭ0.390), and a similar rate of LV restrictive filling pattern (33% versus 36%, Pϭ0.813). At 6 months, the results did not change, with similar E/A ratio in the diabetics and in the nondiabetics (0.94Ϯ0.49 versus 1.07Ϯ0.7, Pϭ0.450), similar DT (204Ϯ43.7 versus 208Ϯ51.5 ms, Pϭ0.755), and similar rate of LV restrictive filling pattern (17% versus 9%, Pϭ0.302). At this time point, in patients without HF (nϭ111, 12 diabetics), similar E/A ratio (0.88Ϯ0.21 versus 1.06Ϯ0.66, Pϭ0.350), DT (213Ϯ33.6 versus 202Ϯ50.7 ms, Pϭ0.465), and LV restrictive filling pattern rate (0% versus 10%, Pϭ0.248) were observed in the diabetics and the nondiabetics. On the contrary, in patients with HF (nϭ20, 6 diabetics), despite a similar E/A ratio in diabetics and nondiabetics (1.2Ϯ0.9 versus 1.1Ϯ1.0, Pϭ0.83), a shorter DT (185Ϯ57.9 versus 240Ϯ46.5 ms, Pϭ0.037), and a higher rate of LV restrictive filling pattern (50% versus 0%, Pϭ0.0041) were observed in the diabetics. To clarify whether this LV inflow pattern was indicative of pseudonormalization, we measured the E/E a ratio and the E/V p ratio. Both indexes were higher in the diabetics (13.9Ϯ2 versus 8.2Ϯ1.8, PϽ0.0001; 1.6Ϯ0.7 versus 0.8Ϯ0.3 cm/s, Pϭ0.0018, respectively), suggesting a higher LV chamber stiffness.
Discussion
Diabetes and LV Remodeling
Conflicting results have been reported in previous small studies. 13, 14 Our data suggest that after AMI, diabetes is not an independent predictor of subsequent LV remodeling. Many of the factors known to influence LV remodeling, such as infarct size, anterior infarct location, baseline echocardiographic and angiographic characteristics, 6-month restenosis/reocclusion rate, and use of ACE inhibitors and ␤-blockers, were similar in diabetic and nondiabetic patients. According to these data, at 6 months, a similar incidence of LV remodeling was found in the 2 groups, with similar patterns of changes in LV global and regional systolic function and in LV volumes.
Diabetes and HF
At 5 years, a higher incidence of HF was observed in the diabetics. Diabetes was found to be an independent predictor of HF at 5 years. These findings are consistent with those of previous studies in which, despite similar 20 or smaller [21] [22] [23] enzymatic infarct size and similar LV systolic dysfunction, 15, 22 diabetics were more likely to develop HF than nondiabetics. However, LV remodeling at 6 months was found to be predictive of HF in the nondiabetics but 15 A potential explanation for these findings may imply a role for diastolic dysfunction. 24, 25 Although in the setting of AMI, the predominant diastolic abnormality is an impairment in relaxation, a restrictive filling pattern may be observed as the result of an increase in resistance to LV filling or in chamber stiffness. 11, 12 The abnormal LV relaxation or stiffness may improve over time. 11, 12, 26 As myocardial healing progresses, the left ventricle may become more compliant and may dilate, inducing relevant changes in mitral flow velocities and a prolongation of DT. 11, 12 In our study, a similar pattern of LV diastolic dysfunction was found at baseline in a subgroup of diabetics and nondiabetics. However, at 6 months, a lower prolongation in DT and a higher rate of restrictive pattern were observed in diabetic patients with HF compared with nondiabetic patients in the presence of similar LV remodeling. The evaluation of E/E a ratio and E/V p ratio confirmed a higher LV chamber stiffness in the diabetics with HF. Thus, the persistence or the development of diastolic dysfunction after the acute phase could contribute to the development of HF in diabetic patients. 15, 27, 28 
Study Limitations
The present report may suffer from its relatively limited study population, which was restricted to patients who fulfilled predefined inclusion criteria. Therefore, our results cannot be directly extrapolated to other subgroup of patients, such as those treated with thrombolytic therapy or not receiving reperfusion treatment, or to patients who had had overt HF or cardiogenic shock in the first week after AMI. Moreover, although similar rates of restenosis and reocclusion at 6 months were found in diabetics and nondiabetics, we cannot rigorously exclude the possibility that recurrent ischemia may have contributed to the development of HF in diabetics. In addition, we did not evaluate the impact of microvascular damage on LV remodeling and late HF. Finally, the impact of diastolic dysfunction on LV remodeling and HF after primary PCI should be evaluated prospectively in a larger sample of diabetics.
Conclusions
Diabetes does not seem to have a significant influence in the development of LV remodeling in patients with AMI successfully treated with primary PCI. More frequent progression to HF observed in diabetics may be related to other factors, such as diastolic dysfunction.
